The aim of the study was to investigate whether the addition of extruded flaxseed (EF) in dairy cow diets had an effect on milk fat and individual fatty acids (FA) recovery in cheese after 90 d of ripening. Eighteen Holstein-Friesian cows, divided into 3 experimental groups (6 cows/group), were fed 3 isonitrogenous and isoenergetic diets with 0 (CTR), 500 (EF500), or 1,000 g/d (EF1000) of EF in 3 subsequent periods (2 wk/ each), following a 3 × 3 Latin square design. Dry matter intake (DMI) and milk yield were recorded daily. Individual milk samples were collected on d 7 and 13 of each period to determine proximate and FA composition. Eighteen cheese-making sessions (2 for each group and period) were carried out, using a representative pooled milk sample obtained from the 6 cows of each group (10 L). At 90 d of ripening, cheeses were analyzed for proximate and FA composition. Cheese yield was computed as the ratio between the weights of ripened cheese and processed milk. Recoveries of fat, individual FA, and grouped FA were computed as the ratio between the corresponding weights in cheese and in milk. Inclusion of EF did not affect DMI, milk yield, or milk composition. Compared with CTR, the 2 diets containing EF increased the proportion of C18:3n-3 and total n-3 FA, in both milk and cheese. Cheese yield and cheese fat percentage did not differ among diets. Likewise, milk fat recovery in cheese was comparable in the 3 treatments and averaged 0.85. The recoveries of individual FA were, for the most part, not dissimilar from fat recovery, except for short-chain saturated FA (from 0.38 for C4:0 to 0.80 for C13:0), some long-chain saturated FA (0.56 and 0.62 for C20:0 and C21:0, respectively), and for C18:3n-6 (1.65). The recovery of saturated FA was lower than that of monounsaturated FA, whereas recovery of polyunsaturated FA was inter-mediate. Compared with medium-and long-chain FA, short-chain FA were recovered to a smaller extent in cheese. No differences in recovery were found between n-6 and n-3 FA. In conclusion, FA have different recoveries during cheese-making, with lower values for the short-chain compared with long-chain FA, and for saturated FA compared with unsaturated FA. The addition of EF in dairy cow diets did not influence cheese yield or fat recovery in cheese, irrespective of the inclusion level. The experiment confirmed that feeding cows with EF represents a successful strategy for improving the FA profile of dairy products, through an increase of n-3 FA.
INTRODUCTION
The efficiency of the cheese-making process is defined as the proportion of milk constituents (i.e., protein and fat) that are recovered in the curd or lost in the whey (Banks, 2007) . However, the recovery of individual protein fractions and FA can also influence the perceived quality and effect of cheese on human health. The literature indicates that the efficiency of the cheesemaking process is influenced by factors directly related to animals, such as species (Zicarelli et al., 2007) , breed (Martin et al., 2009) , parity and stage of lactation , and health status (Politis and Ng-Kwai-Hang, 1988) . Moreover, factors related to milk composition and adopted production technology (Lucey and Kelly, 1994) can influence the cheese-making process. Together with these factors, the feeding regimen of cows seems to play a primary role in determining the suitability of milk for cheese-making and the level of efficiency at which milk protein and fat are transferred into cheese (Banks et al., 1986) .
In recent years, several experiments conducted on dairy cows have highlighted that a supplementation of oilseeds rich in n-3 FA, such as flaxseed, rapeseed, or soybean, is an effective strategy for improving the nutritional value of milk fat (Shingfield et al., 2008) , which is otherwise relatively poor in these FA (Bailoni et al., 2005) . Furthermore, some studies have shown that these oilseeds can be offered to dairy ewes to improve the FA profile of cheese produced by processing their milk (Luna et al., 2005; Nudda et al., 2006; Gómez-Cortés et al., 2009; Mele et al., 2011) . However, there is a scarcity of knowledge on the possible effects of these oilseeds on the FA profile of cheese produced using bovine milk. No attempts have been made to investigate if oilseed supplementation may affect the passage of different constituents, and especially of individual FA, from bovine milk to cheese. Thus, the present study aimed to investigate the possible effects of different inclusion levels of extruded flaxseed (EF) on (1) milk yield and quality, and (2) individual FA recovery in ripened cheese.
MATERIALS AND METHODS

Animals, Experimental Design, and Diets
All experimental procedures were carried out according to Italian law on animal care (Legislative Decree No. 116 of January 27, 1992) . Eighteen Holstein-Friesian dairy cows, housed at the Experimental Farm of the University of Padova (Legnaro, Italy), were assigned, 1 wk before the beginning of the experiment to 3 experimental groups in a 3 × 3 Latin square design (6 cows per group), balanced for DIM (108 ± 48.3 d), parity (1.6 ± 0.92), and milk yield (35.5 ± 9.25 kg/d). Each group received a basal TMR, an individual mixture of concentrate (Table 1) , and an individual supplement with 0 (CTR), 500 (EF500), or 1,000 (EF1000) g/d of EF (Linoies, Cortal Extrasoy, Cittadella, Italy). The TMR was composed of feed ingredients commonly used in the dairy farms of northern Italy, and the composition was defined to meet the nutritional requirements (NRC, 2001) of cows producing 25 kg/d of milk. The additional requirements for milk yield >25 kg/d were guaranteed by an individual offering of concentrates (mixture of corn meal and soybean meal) using automatic feeders. The 3 experimental supplements were formulated to be isoenergetic and isonitrogenous by using different amounts of EF, soybean meal, and calcium soaps of palm (Table 2 ). The supplementations were offered daily to each cow in an individual manger until their complete consumption before TMR distribution. The whole trial lasted 65 d and included a 9-d diet adjustment period, 3 experimental periods (14 d/each) during which the cows received the 3 experimental diets, and 2 transition periods (7 d/each) during which the cows were fed only the basal TMR and the individual mixture of concentrate. During the trial, cows had free access to water and were fed once daily. The amount of TMR distributed in the manger of each experimental group was measured daily and recorded by the weighing station of the mixer wagon. The orts were collected daily and DMI was computed from TMR consumption and orts on a group basis by adding the amounts of the cereal-soybean mixture and the experimental supplement consumed by each cow.
Cows were milked twice a day (at 0530 and 1730 h). All feeds were analyzed in triplicate for DM (method 934.01; AOAC International, 2003) , CP (method 976.05; AOAC International, 2003), lipids (method 920.29; AOAC International, 2003) , and ash (method 942.05; AOAC International, 2003) . The NDF content was measured (Mertens, 2002) with a treatment with α-amylase and sodium sulfite using the Ankom 220 Fiber Analyzer (Ankom Technology Corp., Macedon, NY). Starch was analyzed by HPLC (Bouchard et al., 1988) .
Milk Yield and Composition
Individual milk yield was recorded at each milking using an automatic milking system for a herringbone parlor coupled with automatic recording software (Alpro, DeLaval, Tumba, Sweden). On d 7 and 13 of each experimental period, milk samples (3 L) from the morning milking were collected from each cow to be analyzed for proximate composition, FA profile, and cheese manufacturing properties. An aliquot (50 mL) of milk was frozen and stored at −20°C for FA assessment, whereas a second aliquot (50 mL) was preserved with bronopol-B2 at 4°C. The latter milk sample was analyzed for fat, protein, and lactose contents using the FIL-IDF procedure (International Dairy Federation, 2000) and the Milko-Scan apparatus (Foss Electric, Hillerød, Denmark). Milk urea nitrogen was measured automatically by the conduct metric-enzymatic method (CL 10 micro analyzer, Eurochem, Roma, Italy). Somatic cell count was performed using a Bentley Somacount 150 (Bentley, Chaska, MN) according to the FIL-IDF148a standard (International Dairy Federation, 1995) , and transformed in logarithmic terms using the following equation: SCS = 3 + ln 2 (SCC × 10 −5 ). Milk fat was extracted by accelerated solvent extraction (ASE 200, Dionex Corp., Sunnyvale, CA) using petroleum ether:isopropanol (3:2 vol/vol), and the extracted fat was analyzed for FA composition. Milk FA were transesterified according to the procedure of Christie (1982) with modifications proposed by Chouinard et al. (1999) . Briefly, a solution (1:1) of hexane and internal standard (nonadecanoic acid methyl ester C19:0) was added to 40 mg of butter oil followed by 100 μL of methyl acetate. The mixture was vortexed and 100 μL of methylation reagent (1 M methoxy in methanol) was added and allowed to react for 15 min. Thereafter, 150 μL of termination reagent (1 g of oxalic acid/30 mL of ethyl ether) was added. Samples were centrifuged for 5 min at 2,400 × g at 5°C, leaving a clear layer of hexane; an aliquot of hexane was taken and used directly for chromatographic analysis. Fatty acid methyl esters were separated using a GC 8000 Top Series gas chromatograph (CE Instruments, Wigan, UK) equipped with a 40 m × 0.18 mm (i.d.) RTX-2330 column (Restek Corp., Bellefonte, PA). The carrier gas was hydrogen, with a flow of 1.60 mL/min and a linear speed of 40.2 cm/s. Oven temperature was set at 50°C for 1 min, and then increased to 100°C at 50°C/min. The temperature was then increased at 150°C at 3°C/ min and let stand for 1 min, and finally increased to 220°C at 2°C/min. Injector (split rate = 80 mL/min) and detector were maintained at 250°C.
Cheese Making
Milk from the morning milking collected on d 7 and 13 of each experimental period was used for cheese making, without preliminary pasteurization or homogenization treatments. The cheese-making procedure has been described in previous studies (Cologna et al., 2009;  Cipolat-Gotet et al., 2013), but in this case, 3 laboratory cheese vats of 11-L capacity (Pierre Guerin Technologies, Mauze, France) were used. A pooled sample of milk (10 L) obtained from the 6 cows of each group was added to each vat so that cheese-making was carried out simultaneously for the 3 experimental treatments. Milk was slowly heated to 32°C by water circulation in a heating jacket using a water bath (model SB24, Falc Instrument, Treviglio, Italy). Once milk reached 32°C, starter cultures of freeze-dried mesophilic lactic bacteria (LL50 X, DSM Food Specialties, Delft, the Netherlands) were added to the milk. After acidification (32°C for 45 min), a water solution of 4 mL of commercial liquid rennet Camoscio 105/75 (DSM Food Specialties, Segrate, Italy) with a 75:25 ratio between chymosin and pepsin and 105 international milk clotting units (IMCU)/mL was added to each vat (42.0 IMCU/L of milk). Continuous monitoring of milk coagulation and curd syneresis was performed directly on each vat using a CoAguLite sensor (Reflectronics Inc., Lexington, KY; Fagan et al., 2007) . The sensor allowed the selection of the cutting time (4 min after the CoAguLite's R signal). Following the syneresis phase, curd was extracted from each vat and portioned into 3 cheese molds, pressed, and immersed in a brine solution (20% of NaCl for 4 h). Finally, the cheeses were stored in the ripening cell for 90 d at 15°C and 85% relative humidity. The cheese wheels obtained in different cheese-making sessions were weighed after 1 and 90 d.
The methods for extraction of cheese fat and analysis of FA profile were the same as described for milk fat.
Computations
The studied traits were based on the weights and chemical compositions of the milk, and curd. The classical formula for cheese yield (CY CURD , %) can be written as follows:
CY
Weight of curd (g) Weight of milk (g) CURD = × 100.
Curd was weighed after brining. Considering the weight (g) of fat in the milk and cheese after 90 d of ripening, recovery of fat in the cheese (REC FAT ) was calculated as follows:
REC
Cheese fat (g) Milk fat (g) FAT = .
The recoveries of individual FA [REC i(FA) ] or grouped FA were based on FA profile of milk and cheese, expressed as weight (g) of individual or grouped FA per 100 g of FA, and were calculated as follows:
Cheese fatty acid Milk fatty acid REC i(FA) FAT = × .
Statistical Analysis
All group data (DMI, cheese yield and composition, cheese FA profile, fat recovery) were analyzed as a 3 × 3 Latin square design using PROC GLM (SAS Institute, 2005) according to the following linear model:
where y ijkl = single observation referred to the experimental unit; μ = overall mean; T i = effect of dietary treatment (i = 3 levels); P j = effect of period (j = 3 levels); G k = effect of the group of cows (k = 3 levels); and ε ijkl = residual error term ∼ N e 0 2 , . σ
( )
All data obtained on individual animals (6 cows per group) and repeated over time (milk yield, milk composition, and milk FA profile) were averaged by group, which was considered as the experimental unit and analyzed using the model previously described.
The recoveries of each individual FA, REC i(FA) , and grouped FA were analyzed with model [1], considering the recovery of fa=t as a linear covariate. Therefore, the final model was
where y ijkl is the observed recovery of an individual FA or grouped FA and, with respect to model [1], b is the linear regression coefficient and X ijkl is REC FAT in each experimental unit.
To obtain a comparison among the average individual REC i(FA) , the measured REC i(FA) were analyzed together and the classical 3 × 3 Latin square design was expanded to include the effect of FA in the model:
where, with respect to model [1], FA l is the class of single FA (i.e., from C4:0 to C20:5n-3) and (T × FA) il is the interaction between dietary treatment and class of single FA. Similar models were used to compare the recoveries of SFA, MUFA, and PUFA, of short-, medium-, and long-chain FA, and of n-3 and n-6 FA.
All results are presented as least squares means ± SEM. Orthogonal contrasts were run to analyze the statistical differences of CTR versus (EF500 + EF1000)/2 and of EF500 versus EF1000. Statistical significance was declared at P ≤ 0.05 and a tendency at 0.05 < P ≤ 0.10.
RESULTS
DMI, Milk Yield, and Composition
No differences were detected in DMI, milk yield, or composition among the 3 dietary treatments (Table 3) . On average, DMI of cows was 19.3 kg/d. Milk yield and milk fat and protein contents averaged 28.7 kg/d, 3.53%, and 3.43%, respectively. Lactose (on average 4.76%) and urea (on average 24.5 mg/dL) contents and SCS (on average 2.62, corresponding to about 110,000 somatic cells/mL) did not differ among diets.
Cheese yield after brine was, on average, 13.5%, and did not differ among the 3 dietary treatments (Table 3) . Furthermore, EF did not influence the fat percentage of cheese after 90 d of ripening, irrespective of the supplementation level (on average 40.5%; data not shown).
FA Profile of Raw Milk
In general, flaxseed exerted only minimal effects on milk FA profile; the effects were not dose-dependent and tended to decrease at increasing supplementation levels ( Table 4 ). The main groups of FA (SFA, MUFA, and PUFA) did not differ among diets, even if a tendency existed for PUFA to be increased by EF supplementation (P = 0.09). Among SFA, the supplementation of EF decreased milk concentration of C16:0 (P < 0.05) and tended to increase concentrations of C8:0 (P = 0.07) and C18:0 (P = 0.09). The concentration of MUFA was not affected by experimental diets. Among PUFA, the inclusion of EF did not influence the total n-6 FA concentration of milk (on average 2.84% of total FA). As expected, EF increased the milk concentration of C18:3n-3 (P < 0.05) and of total n-3 FA (P < 0.05). As a consequence, the n-6:n-3 ratio was smaller in the 2 diets containing EF compared with CTR (P < 0.05).
Profile and Recovery of FA in Ripened Cheese
As observed for milk, the largest part of individual FA of cheese was not affected by the dietary inclusion of EF (Table 5) . Nonetheless, some FA were influenced by EF supplementation, even in ripened cheese. In particular, C16:0 tended to decrease (P = 0.07), whereas C18:0, C18:3n-3, and the sum of n-3 FA tended to increase (P = 0.06 for all) in the 2 diets supplemented with EF. As a result, the n-6:n-3 ratio was smaller (P < 0.05) in ripened cheeses produced using milk of supplemented cows compared with that from CTR cows.
The recovery of fat was, on average, approximately 0.85, and it did not differ among dietary treatments (Table 6 ). Recovery was different among individual FA (P < 0.001) and ranged from a minimum of 0.38 for C4:0 to a maximum of 1.65 for C18:3n-6 ( Figure 1) . As a consequence, the recovery of C4:0 in cheese was lower (P < 0.05) than that of most other FA (27 of total of 36 FA), whereas that of C18:3n-6 was greater (P < 0.05) than that of all other FA, except C18:1 trans n-7 (Table 6 ). Low levels of recovery were found for other SFA, such as C6:0 (0.52), C20:0 (0.56), C21:0 (0.62), C8:0 (0.63), and C11:0 (0.66) (Figure 1) . Thus, recovery of SFA was, on average, lower compared with that of MUFA (0.82 vs. 0.96 for SFA and MUFA, respectively; P < 0.01), whereas PUFA showed an inter- mediate value (0.89; Figure 2) . Likewise, the length of carbon chain had a significant influence on the level of fat recovery, being lower for short-chain FA (≤13 carbon atoms) compared with medium-chain (from 14 to 17 carbon atoms) and long-chain FA (≥18 carbon atoms) (on average, 0.59, 0.93, and 0.94, respectively; P < 0.01; Figure 3 ). Conversely, fat recovery did not differ between n-6 and n-3 FA, irrespective of the diet (Figure 4) .
DISCUSSION
Effect of EF on Milk Yield and Quality and on Cheese Yield
In agreement with the results of the current experiment, several authors (Kennelly and Khorasani, 1992; Pezzi et al., 2007; Martin et al., 2008) reported that dietary inclusion of flaxseed did not influence the DMI 
of dairy cows. The short length of the current trial and low amounts of EF included in the diet (about 2.5 and 5.0% DMI for EF500 and EF1000, respectively) likely explain the lack of effects on milk yield and proximate composition. In this regard, Kim et al. (1991) found that fat supplementation induced changes in protein and fat content of milk after 5 wk or more from the beginning of the supplementation period. Several studies confirmed that flaxseed supplementation did not change either the fat (Gonthier et al., 2005) or the protein concentration of milk (Petit et al., 2004; Martin et al., 2008) . Martin et al. (2008) found a depression of milk fat percentage (from 4.11 to 3.53%), but this result could be ascribed to huge amounts of EF included in the diet (approximately 15% of DMI). This may have reduced fiber degradation and acetate production in the rumen, with consequent influences on milk fat synthesis in the udder. Effects of flaxseed on milk protein content seem to be dependent on the physical form of seeds and chemical treatments (i.e., with formaldehyde), which can lead to an increase of milk protein content, by reducing rumen degradation of seeds and, thus, increasing the intestinal availability of AA for synthesis of milk protein (Petit, 2003) .
In the current experiment, flaxseed was subjected to extrusion, which was found to be less effective than formaldehyde in protecting oilseeds from rumen degradation (Gonthier et al., 2005) and this could explain the unchanged protein content of milk. Flaxseed did not influence the lactose percentage or the SCC of milk, according to the literature (Martin et al., 2008) . In this experiment, cheese yield after brining was very similar to laboratory data reported by Verdier-Metz et al. (2001) , using milk from 3 breeds, and by Cologna et al. (2009) , which processed Holstein milk, whereas Cipolat-Gotet et al. (2013) , using Brown Swiss cows, found higher cheese yield (15%). Cheese-making technology is the most important factor affecting the Table 6 . Least squares means ± SEM of recovery of fat and of individual FA in ripened cheese compared with fat and FA content of milk processed from cows fed 3 dietary treatments (CTR, EF500, and EF1000 = 0, 500, or 1,000 g/d of extruded flaxseed, respectively) and number of significant differences of mean recovery of each single FA compared with all the others (Janhøj and Qvist, 2010) , together with physical, chemical, and coagulation properties of milk (Macciotta et al., 2012) . Lack of differences in fat content of cheese among diets confirmed the results achieved for the original milk. In this regard, Lucas et al. (2006) reported that the fat content of cheese is primarily influenced by the fat content of original milk and by its ability to be retained in curd , even if this phenomenon is partly under genetic control . The cheese-making technology is considered to be of minor importance (Gnädig et al., 2004; Lucas et al., 2006) .
Effect of EF on FA Profile of Raw Milk
Genetic type and nutrition of the cow are considered to be the most important factors affecting the FA profile of bovine milk. From a meta-analysis of published Table 6 ).
data, Glasser et al. (2008) concluded that flaxseed increases the proportion of n-3 FA in milk, even if these increments in most cases are small, as the content of n-3 FA never exceeds the threshold of 1% of total FA. Furthermore, the same authors specified that these effects are usually dose-dependent, as positive responses tend to disappear at supplementation levels >600 g/d.
Accordingly, in this experiment, the presence of flaxseed in the diet increased the proportion of n-3 FA in milk fat, but this amount remained under 1% of total FA; furthermore, such a response slightly decreased when EF supplementation increased from 500 to 1,000 g/d of the diet. However, an increase of n-3 FA in milk fat, together with a decrease in the ratio between n-6 and PUFA from milk to ripened cheese (90 d) produced by cows fed the 3 dietary treatments (CTR, EF500, and EF1000 = 0, 500, or 1,000 g/d of extruded flaxseed, respectively). The contrasts between CTR and (EF500 + EF1000) and between EF500 and EF1000 were not significant. ) FA from milk to ripened cheese (90 d) produced by cows fed the 3 dietary treatments (CTR, EF500, and EF1000 = 0, 500, or 1,000 g/d of extruded flaxseed, respectively). The contrasts between CTR and (EF500 + EF1000) and between EF500 and EF1000 were not significant. n-3 FA, is remarkable from a nutritional point of view, as the intake of these FA is recommended by human nutritionists to minimize the risk of cancer and cardiovascular diseases (Simopoulos, 1996) . Similar results were reported by Bailoni et al. (2004) , who studied the effects on FA profile of cow milk due to the replacement of soybean meal with full-fat extruded or toasted soybean seeds.
Effect of EF on FA Profile of Ripened Cheese
To date, few experiments have addressed the effects of flaxseed supplementation on the FA profile of cheese. Moreover, most of these studies have focused on sheep cheese (Luna et al., 2005; Gómez-Cortés et al., 2009; Mele et al., 2011; Mughetti et al., 2012) whereas, to our knowledge, only Dhiman et al. (1999) analyzed the FA profile of cow cheese. The proportions of single FA found in the present study confirmed the data reported for French cheeses (Lucas et al., 2006) . Supplementation of dairy cow diets with EF made it possible to increase the nutritional value of ripened cheese through enrichment with n-3 FA (especially C18:3n-3) and a reduction of ratio between n-6 and n-3 FA. Results of the present trial are in accordance with other studies conducted on cow (Dhiman et al., 1999) and sheep cheese (Nudda et al., 2005; Gómez-Cortés et al., 2009 ). As reported for milk, such changes in FA profile would improve the nutritional value of cheese fat (Simopoulos, 1996) . However, the FA profile of cheese is not identical to that of milk.
Recovery of Fat, Individual FA, and Groups in Ripened Cheese
Fat recovery in cheese for fresh and short-ripened cheeses is often about 90% of fat present in processed milk and it depends almost exclusively on fat loss in whey. In ripened cheese matured for a long time, recovery can be substantially less depending on microbial and enzymatic activity during ripening (Summer et al., 2003) . To date, no information is available on fat recovery in ripened cheese produced from milk of cows fed oilseeds. Results of the current experiment provided evidence that the presence of EF in dairy cow diets did not affect the transfer of fat from milk to ripened cheese. In this regard, the literature indicates that fat recovery is affected by several factors such as the cheese-making process, season, farming conditions, and feeding regimen (Summer et al., 2003) . In the present study, the cheese-making process, season, and farming conditions were the same for all experimental groups, which could explain the lack of notable effects on fat recovery. It is largely recognized that, during ripening, fat cheese is subjected to lipolysis due to the activity of the endogenous lipoprotein lipase (LPL) contained in milk, and to the possible inoculation of other enzymes with lipolytic activity, to enhance the development of correct flavor in ripened cheese (Collins et al., 2003) . The LPL is generally very active, even if the activity of this enzyme can be reduced when high cooking temperatures are used (Collins et al., 2003) . Several authors agree that the extent of lipolysis FA from milk to ripened cheese (90 d) produced by cows fed the 3 dietary treatments (CTR, EF500, and EF1000 = 0, 500, or 1,000 g/d of extruded flaxseed, respectively). The contrasts between CTR and (EF500 + EF1000) and between EF500 and EF1000 were not significant.
in cheese can vary depending on the composition of original milk, the cheese-technology procedure, and the type of ripening (McSweeney, 2007a ). As regards the cheese-making process, cheeses produced using raw milk, as in the present study, are usually subjected to a more extensive lipolysis than those prepared from pasteurized milk, as pasteurization deactivates LPL (McSweeney, 2007b) . Recently, Buccioni et al. (2012) produced Pecorino Toscano using raw milk fortified with a starter culture of lactic acid bacteria and observed some changes in the FA profile of cheese during ripening (60 d), as the content of stearic acid increased, whereas that of C18:1 and conjugated linoleic acid tended to decrease. In the current experiment, we could speculated that LPL was the primary agent of lipolysis, because cheese was manufactured from raw milk and the cheese-making procedure did not involve the use of enzymes promoting lipolysis. The reasons underlying the lesser recovery of short-chain FA compared with medium-and long-chain FA are unclear. Collins et al. (2003) reported that, during ripening, short-chain FA should be generated as result of lipolysis, thus their relative concentrations would be increased. However, short-chain FA could also be catabolized to flavored compounds (methyl ketones, thioesters, and lactones), thus their proportion in cheese could decrease in relation to the original milk. In the current experiment, most of the FA showed a recovery close to that of fat. In the case of C4:0, the very low level of recovery could be attributed to the fact that this FA, being volatile, can be lost during ripening and sample preparation for GC analysis. Moreover, separation and the extraction of short-chain FA are more difficult compared with those of other FA, and the measurements obtained for these FA could be less reliable (IDF, 1991) . These arguments are supported by the large variability observed for values of C4:0, especially in milk samples (SEM = 0.436).
Regarding the very high relative recovery observed for C18:3n-6, it is clear that it was not affected by the flaxseed supplementation of diet and did not follow the trend observed for linolenic acid (C 18:3n-3 ) in milk and in cheese.
CONCLUSIONS
The results of the present study confirm that feeding cows with flaxseed allows the production of dairy products with a more favorable FA profile through an increase in n-3 FA proportion in both milk and cheese. In this regard, the dietary inclusion of 500 g/d of extruded flaxseed seems to be sufficient for a more favorable FA profile. The presence of extruded flaxseed in dairy cow diets did not influence fresh cheese yield or the percentage of fat recovery in cheese after 90 d of ripening, irrespective of supplementation level of flaxseed (500 or 1,000 g/d). On average, the recovery of individual milk fatty acids in cheese was similar to that of total fat, with some notable exceptions for short-chain SFA (lower recovery) and for C18:3n-6 (higher recovery). However, the role and incidence of lipolysis on the recovery of short-chain FA in ripened cheese need to be better investigated and clarified.
